ABSTRACT . The Isthmus of Kra in Southern Thailand consists of a lowland of about 70 km in length. It has been suggested that the Isthmus may sink beneath the sea surface according to the change of level of the sea, and may function as a zoogeographical barrier in land mammals in this region. So, the geographical variation was osteometrically examined in skull of the common tree shrew (Tupaia glis) from the both sides of Isthmus of Kra. The osteometrical examination demonstrated that the skull is larger in southern population than in northern one. In the charts of the principal component analysis, however, the morphological separation between two populations can not be obviously seen in female. While, the results of the discriminant analysis indicated the morphological separation between the two populations. These findings suggest that the zoogeographical barrier of Istmus of Kra may have influence on the osteometrical variation in the common tree shrew, when the Isthmus was covered with sea.-KEY WORDS: common tree shrew, Isthmus of Kra, osteometry, Tupaia belangeri, Tupaia glis.
The skull measurement was carried out in 17 items with a vernier caliper to the nearest 0.05 mm. The nomenclature of measurements were based on the textbook of osteometry [5] and the item abbreviations were arranged in Table 2 . We used measurement data of the previous studies [7] in all specimens from the northern side and in most specimens from southern side.
The mean values of all items were compared by Student's t-test between populations of northern and southern sides around the Isthmus of Kra to discuss the zoogeographical size differences of this animal in each sex. We also applied the whole data of 17 measurements for the principal component and discriminant analysis to elucidate the size and shape variation between the two groups.
RESULTS
The mean measurement values and standard deviations are shown in each sex (Table 3 ). The mean value statistical differences between both sides of Kra are also seen in Table  3 . In the statistical tests, mean values in many items indicate the significant differences between northern and southern populations of the Isthmus of Kra. Table 3 obviously indicates that the southern population is larger than the northern one in skull size except for the items of the cranium breadth and mandible height.
The principal component (PC) plots, PC1 against PC2 are drawn in males ( Fig. 1 ) and in females (Fig. 2) , The common tree shrew (Tupaia glis) is distributed in the Indochinese region, and in Malayan peninsula, and some islands of Malaysia and Indonesia [2, 6, 10] . It has been demonstrated that the species has wide variation in body size and skin color characters [2, 7, 8, 10] . Since the Isthmus of Kra has been considered as zoogeographical barrier in many terrestrial mammals in Indochinese and Malayan regions [4, 11] , we have been expected to examine the morphological variation in skull of the common tree shrew from both sides of the Isthmus of Kra.
MATERIALS AND METHODS
We used a total of 172 skull specimens of the common tree shrew. These specimens have been stored in Thailand Institute of Scientific and Technological Research (Bangkok, Thailand), Department of Wildlife and National Parks (Kuala Lumpur, Malaysia), Museum National d'Histoire Naturelle (Paris, France), and Department of Zoology, National Science Museum, Tokyo (Tokyo, Japan).
The locality and sex of the specimens were dependent on the biological data of each collection. The collection localities belong to both Thailand and Malaysia. Because the locality data in Malaysia specimen is not so detailed as that in Thailand, we cited prefecture or city names as origins. We selected and used the specimens that have already finished the molar eruption, and considered them as adult. The composition of locality and sex are arranged in Table 1 .
respectively. The chart shows the similar tendency of distribution in both sexes. The southern population points are mainly plotted in positive area of the first principal component, and in negative region of the second principal component.
We arrange the coefficients of linear discriminant function (Table 4) , in which the two populations can be separated. The F-values calculated using Wilks' Lambda values (Table  4 ) demonstrated that the two populations can be statistically distinguished in the F-test of the difference between groups.
DISCUSSION
The common tree shrew populations have been split into two independent species, Tupaia glis and Tupaia belangeri, in the chromosome analysis and external observations [1, 4, 9] , which have been evaluated in some reviews [3, 11] . These results regarded the zoogeographical influence of the Isthmus of Kra as a separating barrier at species level in Tupaia. However, the populations were not distinguished at species level through the Isthmus of Kra in some studies [2, 6] .
We can conclude that the southern population is larger in skull size than the northern one. The measurements, in which the significant difference was not shown, are related mainly to the cranium breadth (GPB, GMB) and mandible height (HM). So, it is suggested that the zoogeographical factors may have an influence on skull length and proportion of cranium breadth to skull length.
Certainly the principal component chart represents the large skull size in southern population (Figs. 1 and 2) , however, the morphological separation between two populations cannot be obviously seen in any sex. Especially in the female chart (Fig. 2) , the plots from southern localities are even intermingled with those from northern origins.
The results of the F-test suggest that the Isthmus of Kra may function as a species-barrier in the common tree shrew, although the principal component analysis could not persuade us of the morphological separation between northern and southern localities. We should conclude that the distinction is reasonable according to the results of discriminant analysis with the high correct discriminant percentage. The principal component chart indicates the morphological overlap between two groups, however, we will examine if the split is acceptable at a species level in larger sample size. The present findings will contribute to the argument on species-split of Tupaia glis and belangeri. And we are also preparing some genetic examinations in this problem and will discuss the morphological environmental adaptation in the common tree shrew from both origins. 
